Objectives/Hypothesis: Determine patient and hospital-level risk factors associated with 30-day readmission for patients undergoing inpatient otolaryngologic surgery.
INTRODUCTION
Because hospital readmissions are a metric of quality care and a source of financial penalties, there has been a burgeoning research effort to analyze readmissions for surgical patients. [1] [2] [3] [4] [5] [6] [7] Studies outside of otolaryngology have demonstrated that readmission rates following a variety of surgical procedures vary widely between hospitals. 4, 5 It is unclear whether this variation is due to differences in clinical risk factors or differences related to hospital characteristics and provision of care.
There have been few publications on readmission following inpatient otolaryngologic surgery. [8] [9] [10] [11] [12] The existing otolaryngology readmissions research has suffered limitations relating to the lack of generalizability (e.g. single institution, only academic hospitals, or only cancer patients), small sample size, and inability to track readmissions outside of the surgical institution. In the nonotolaryngology surgical literature, readmissions outside of the institution where the surgery occurred are common, 13 even for tertiary care centers. 14 There are thus significant knowledge gaps about readmission following otolaryngologic surgery. It is unknown whether 30-day readmission rates for otolaryngology surgical patients vary between hospitals. The reasons for readmission following otolaryngologic surgery, and their relationship to complications, have not been elucidated. The relative contribution of patient-level risk factors versus structural hospital characteristics in explaining readmission rate variability following otolaryngologic surgery has not been analyzed.
To present a more comprehensive analysis of hospital readmission following inpatient otolaryngologic surgery, we used the State Inpatient Database (SID) from California. The California SID, available through the Healthcare Cost and Utilization Project (HCUP), is a database that captures all inpatient discharge records Additional supporting information may be found in the online version of this article.
from acute care community hospitals in California for a given year, regardless of payer. 15 It provides over 100 patient-level variables and allows patients to be tracked longitudinally, permitting identification of hospital readmissions. Using the California SID, we attempted to answer the following questions in a heterogeneous group of patients undergoing hospital admission following an otolaryngologic procedure: 1) What are the reasons for readmission? 2) Do hospital readmission rates vary between hospitals? 3) Which patient-and hospital-level variables are risk factors for readmission? 4) What is the relative contribution of patient level versus hospitallevel risk factors in explaining variability in readmission rates between hospitals?
MATERIALS AND METHODS

Data Source and Study Population
The study was granted exempt status by the Washington University School of Medicine Institutional Review Board and Human Research Protections Office (St. Louis, MO). Data was obtained from the SID for California from 2008 to 2010. At the time data collection for this study commenced, California SID data were available through 2011. The study end-date was chosen as December 2010 to allow for tracking of readmissions following surgery in December 2010 that would occur in January 2011. A start date of 2008 was chosen for the study to capture 3 years worth of data, which provided a sufficient population size.
The SID is part of a family of databases maintained by the HCUP sponsored by the Agency for Healthcare Research and Quality (AHRQ). 15 California SID was chosen for the study because it contains encrypted personal identifiers that allow longitudinal follow-up. In addition, information on hospitals is publically available for California, which allowed analysis of hospital characteristics. Data about structural hospital characteristics were obtained from the Hospital Annual Utilization Data available through the California Office of Statewide Health Planning and Development and linked to the SID data by hospital identifier. 16 International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes were used to identify hospital discharges for patients 18 years of age undergoing an otolaryngology procedure in California between 2008 and 2010. Procedures were chosen to capture the breadth of otolaryngology procedures without capturing patients who are not truly otolaryngology inpatients but who undergo an otolaryngology procedure during the hospitalization (e.g., control of epistaxis in a patient admitted for a bone marrow transplant). If a patient underwent more than one type of otolaryngology surgery during the index hospitalization, the subspecialty was assigned based on clinical relevance. The ICD-9-CM codes and classification of procedures by otolaryngology subspecialty are listed in Table I . General otolaryngology procedures consisted of operations on the salivary glands, drainage of abscesses, and operations of the pharynx (for nonmalignant disease, such as tonsillectomy) (ICD-9-CM codes 26, 27, 28, and 29). Hospitalizations were excluded if the patient died during the index admission or if data on age, gender, personal identifier, or length of stay (LOS) were missing. Inpatient admissions of persons with out-of-state residence were excluded due to potential loss of follow-up. Hospitalizations coded for motor vehicle accident (E800-849.8) were excluded if the admission began in the Emergency Department (ED) to prevent inclusion of nonrepresentative polytrauma patients.
There were 58,748 hospital discharges that met inclusion criteria. Hospitalizations with LOS greater than 90 days were excluded because of their presumed clinical complexity (n 5 155 discharges). Discharges from hospitals with less than 10 otolaryngology admissions were excluded due to the small sample size (n 5 362 discharges). The final cohort was comprised of 56,014 unique patients who accounted for 58,231 discharges from 277 different hospitals. Of these patients, 2,007 (3.5%) had an additional otolaryngology surgery more than 30 days after the index discharge date and were categorized as having a new index surgery hospitalization.
We created a surgical admission specific identifier (ID) that was combined with variables from SID for the patient's unique identifier (VisitLink) and a time to event (DaysToEvent). These three variables allowed us to identify hospital readmissions within 30 days of discharge from the index surgery and new surgical admissions more than 30 days after discharge from the index surgery. For each discharge, the number and timing of all readmissions within 30 days of discharge from the index surgery was determined. Only the first readmission within 30 days of discharge was analyzed.
Study Variables
Patient-level variables included demographics, median household income for patient zip code (a proxy for socioeconomic status), primary payer, comorbidities, admission source, LOS, discharge destination, and in-hospital complications. Comorbidity data was gathered using the AHRQ comorbidity software (version 3.7; HCUP, Rockville, MD) and the Elixhauser Comorbidity measures for administrative data. 17 Postoperative complications were defined by ICD-9-CM diagnosis codes assigned at discharge (Supp . Table SI) . Fever, pain, and nutritional/electrolyte/digestive deficiencies were analyzed only as postoperative complication variables to explain the reason for readmission.
Hospital-level variables were chosen based on prior research 1,4,5 and included hospital size, teaching status, ownership, and hospital disproportionate share (DSH) index. Hospital ownership was classified as public, nonprofit, for profit/investor, or University of California. Hospital size was categorized as small (< 150 beds), medium, (150-400 beds), or large (> 400 beds). 18 Hospitals that qualified as DSH were identified based on the Medicare disproportionate share index, as previously described. 19 The reason for readmission was determined by searching the primary diagnosis code for the surgical and medical complications of interest (Supp. Table SI ). The primary diagnosis code is the reason for the hospital admission assigned at the time of discharge.
Outcome Measures
The primary outcome measure was 30-day readmission rate. Secondary outcome measures included reasons for readmission, differences in readmission rates between hospitals, and patient-level and hospital-level risk factors for readmission.
Statistical Analysis
Bivariate analyses were performed for hospital readmission. Univariable logistic regression analysis was performed on three sets of independent variables: type of otolaryngology procedure, patient factors (e.g., sociodemographics, comorbidities, hospital course), and hospital characteristics to find variables associated with readmission. To assess the relative contribution of each of the variables to the overall risk of readmission, variables associated with readmission on univariable analysis (P < 0.01) with perceived clinical relevance were entered into a hierarchical logistic regression model. This model accounted for nesting of surgical admissions (level 1) within patient (level 2) and nesting of patients within hospitals (level 3). Failure to account for clustering will result in overly conservative standard errors for the higher-level variables (e.g., hospital variables) and increase the likelihood of type 1 errors. The hierarchical model was constructed using the GLIMMIX procedure in SAS Enterprise Guide 5.1 (SAS Institute, Cary, NC). Statistical tests were two-sided. Statistical significance was indicated by P values < 0.01. Odds ratios are presented with 99% confidence intervals given the large population size. Statistical analyses were performed in SAS Enterprise Guide 5.1
RESULTS
Readmission Details
Of the 58,231 discharges for otolaryngologic surgery in California between 2008 and 2010, 4,709 (8.1%) resulted in a hospital readmission within 30 days of discharge. For individual otolaryngology subspecialties, the readmission rates ranged from 5.1% for facial plastics/ trauma to 19% for laryngology (Table II) .
The reasons for readmission based on the principal diagnosis code are shown in Figure 1 . Of the readmissions, 472 (10.1%) were due to surgical complications: postoperative bleeding (3.7%), surgical site infections (4.9%), and wound dehiscence or fistula (1.5%). For patients undergoing a general pharyngeal procedure such as tonsillectomy, the most common reason for readmission was bleeding (34% of readmissions following a general pharyngeal surgery). Complications related to nutritional, metabolic, or electrolyte disturbances were common, accounting for 44% of total readmissions. For the nutritional, metabolic, and electrolyte group, 211 patients (15% of readmission following endocrine surgery) were readmitted for calcium disorders. The most common reason for readmission following endocrine surgery, however, was thyroid cancer (35% of readmissions following endocrine surgery). These represent planned readmission for completion thyroidectomy. Of the medical complications, pulmonary complications and infections other than surgical site infections were the most common (6% of readmissions each). Most (95%) of the complications causing readmission were new diagnoses not present during the index hospitalization. The reason for readmission was not classified by the complication codes that we used for the remaining 29% of patients. The median time to readmission was 11 days (interquartile range [IQR], 5-19 days). Seventy-five percent of patients were readmitted to the same hospital as the index discharge. The most common route of readmission was via the ED (57% of readmissions). The median LOS for the readmission hospitalization was 3 days (IQR, 2-7 days).
Patient-Level Risk Factors for Readmission
Patient-level data for demographics, comorbidity, inpatient hospital course, and complications are presented in Tables III, IV, 
Hospital-Level Risk Factors for Readmission
Hospital characteristics and readmission rates are presented in Table VI . Surgery at a teaching hospital was associated with a small increased risk of readmission (OR 1.25, 99% CI 1.17-1.33), as was surgery at a disproportionate share hospital (OR 1.23, 99% CI 1.16-1.31). Surgery in a hospital with ownership other than not-for-profit had a slightly increased risk of readmission. Hospital bed size was not associated with risk of readmission.
Hierarchical Logistic Regression Model of Readmission
A hierarchical logistical regression model was used to determine variables independently associated with an increased risk of 30-day readmission (Table VII) . These included: otolaryngologic procedure type, insurance status, chronic anemia, chronic lung disease, chronic renal failure, index admission via the ED, in-hospital complication during the index admission, and discharge destination. None of the structural hospital characteristics were associated with 30-day readmission. Three comorbidity variables (anemia, chronic lung disease, and chronic renal failure) were associated with an increased likelihood of readmission. Medical complications were associated with a higher rate of readmission than surgical complications. The presence of both a surgical and medical complication was not associated with a greater risk of readmission than only a medical complication. Patients discharged to a nursing facility or home with home health had a two-fold increased risk of readmission compared to patients discharged to home.
DISCUSSION
Readmission Details
This study is the first to examine the incidence, reasons, and factors associated with 30-day readmission in a heterogeneous cohort of patients from variety of different hospitals undergoing otolaryngologic surgery. It expands upon single-institution retrospective studies examining 30-day otolaryngology readmissions. The 30-day readmission rate in this study was 8.1%, similar to other studies for otolaryngology. 8, 9, 11, 12 Of these readmissions, 25% occurred outside the index institution, concordant with numbers in the general surgery literature. 13, 14 Readmission to a hospital other than where the surgery occurred has patient care implications because it is associated with worse survival. 13, 20 The effect of care fragmentation (i.e., admission to the nonindex hospital) in otolaryngology is unknown; however, and future investigation into the topic is warranted. It also has implications for future study design because a significant number of patients are likely missed in single institution studies.
Nutritional, digestive, and electrolyte abnormalities were the most common reason for readmission in this study. This finding could be explained by the fact that endocrine surgery represented nearly 40% of the surgeries. However, dysphagia-and malnutrition-related readmissions due to surgery of the upper aerodigestive tract represented a sizable portion of readmissions as well.
Other analyses of otolaryngology readmissions have found that postoperative complications are the most common reasons for readmision. 8, [10] [11] [12] In this study, surgical complications of bleeding, surgical site infection, and wound dehiscence only accounted for approximately 10% of all readmissions. That 34% of readmissions following procedures such as tonsillectomy were related to bleeding is concordant with previous studies. 21 The difference in the percentage of readmissions due to postoperative complications between this study and others may reflect the higher proportion of head and neck cancer patients in previous studies.
As in other studies, 1,7,10 new complications after discharge, not in-hospital complications, were the major drivers of readmission. An in-hospital surgical complication was not associated with increased risk of readmission; however, a medical or medical and surgical complication was. In this study, only 5% of readmissions were due to the recurrence or persistence of a complication from the index hospitalization. The rest of the readmissions were due to the development of new complications after discharge.
Variables Associated With Increased Risk of Readmission
In the multivariable analysis, most of the factors associated with readmission were patient-level factors; none of the hospital-level factors were significant. This is consistent with studies examining readmissions in general 7 and cardiac surgery. 5 Surgical volume was not analyzed as a hospital-level factor in the study. Given its relationship to quality care in other otolaryngology studies, 22 it merits investigation in future studies of otolaryngology readmission. The type of procedure was associated with differences in the rates of 30-day readmission, with facial plastics/trauma and endocrine associated with lower risk of readmission compared to general otolaryngologic surgery. Although not statistically significant in the final model, a high rate of readmissions was noted for laryngology procedures. This is likely the result of selection bias because most laryngology procedures are office-based or outpatient, and only the highest-risk patients are admitted to the hospital.
Insurance status was predictive of readmission, with an increased risk of readmission for Medicare and Medicaid relative to private insurance. The association between insurance status and increased risk of readmission has been found across a variety of surgical subspecialties. 3, 5, 8, 23 Patients with Medicare may have had a higher rate of readmission because they are in general more frail and have less support for managing complications following hospital discharge. 24 Patients with Medicaid may have a higher rate of readmission due to fewer resources for postoperative care, less medical knowledge for identifying postdischarge problems, more challenge returning for follow-up care, and less availability of primary care for managing medical problems. Data on insurance status is absent from publications about readmissions that use the National Surgical Quality Improvement Program, 1, 2, 7, 25 and is potentially an important risk factor not captured in these studies.
Comorbidities associated with an increased rate of readmission were chronic anemia, chronic lung disease, and chronic renal failure. Similar comorbidities have been identified as risk factors for readmission in otolaryngology patients, 8, 11 likely because of the intimate relationship of these comorbidities to surgery on the upper aerodigestive tract.
Discharge to home with home health or a nursing facility was also associated with an increased risk of readmission. This has been seen in studies examining readmission following otolaryngologic 8, 11 and general surgery. 1, 6 Possible explanations include the complexity/unfamiliarity of wound care, unmeasured patient comorbidity/frailty, loss of information surrounding transitions of care, and a lower threshold for readmission when complications are encountered by home health aides or in a nursing facility. 26 In addition, it may be a surrogate marker for marginal social status, limited social support, or distance from local health services. Interventions focused on improving transitions of care represent an opportunity for decreasing readmission.
The presence and timing of postoperative complications has been evaluated in other studies. 1, 7, 8, 10 Concordant with these studies, in-hospital complications in this study were only minimally associated with 30-day readmissions. Furthermore, this increased risk was primarily due to in-hospital medical complications, not surgical complications. This might represent an opportunity for quality improvement for better communication and closer follow-up with the primary care physician as the patient transitions care out of the acute hospital setting.
Limitations
There are limitations to this administrative databased study. It is limited by the accuracy of the ICD-9-CM diagnosis codes, especially for minor complications. 27 Readmission diagnoses in administrative data do not always correlate with the true reason for readmission. 24, 28 There is uncertainty about how these data will apply ICD-10-CM diagnosis codes. It is also unknown whether data about otolaryngology patients from California are generalizable to otolaryngology patients elsewhere. A future study using SID data from multiple states and comparing readmission rates across states (and regions) would be a worthwhile future study. Twenty-nine percent of the reasons for readmissions were not categorized by the complication codes that we used in this study. Finally, we were unable to reliably distinguish between planned and unplanned readmissions.
Despite these limitations, this study has a number of methodological strengths relative to prior studies. Unlike single institution studies, it contains a large and heterogeneous number of patients, analyzes different types of hospitals, compares readmission rates across hospitals, and identified and analyzed the 25% of readmissions that occurred outside the index institution. Unlike studies based on Medicare data, this study included patients with insurance status other than Medicare (which was an independent risk factor for readmission), as well as patients under the age of 65 years, which was the overwhelming majority of otolaryngology patients in this study.
CONCLUSION
Thirty-day readmission following otolaryngologic surgery is not uncommon, and occurs across a variety of types of procedures and hospitals. Most of the variation was driven by patient-specific factors, not structural hospital characteristics. Variables associated with 30-day readmission in hierarchical logistic regression modeling were: type of otolaryngologic procedure, Medicare or Medicaid health insurance, chronic anemia, chronic lung disease, chronic renal failure, index admission via the emergency department, in-hospital complication during the index admission, and discharge destination other than home. 
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